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2,602,139 
BRIDGE OSCILLATOI 
 Wyne K. HoCher,. George R. Gamertsfeler, n 
stnors to General Preetsion Laboratory Incor- 
porereZ,  corporation of New York 
 Application August 10, 1948, Serial No. 43,434 
9 Claims. (CI. 250--36) 
This invention relates to an oscillator of the 
bridge typëand particuiarly to an oscfllator 
wherein the frequency  may be made to vary 
linearly with the variation in shaft position over 
a relatively wide range. 
In general oscillators heretofore devised bave 
been such thatthe frequency generated thereby 
is proportional to the reciprocal of a resistance, 
capacitance or inductance. Such an arrange- 
ment provides an oscillator whose frequency 
varies in a non-linear fashion with the shaft 
position which actuates the controlling element 
or elements and which is, therefore, more dira- 
cuit to calibrate. 
The instant invention bas forits purpose the 15 
provision .of an oscillator circuit such that its 
ïrequency is directly prop0rional to the angular 
position of an actuating shaft. 
To this end the present invention utilizes an 
oscillator of the bridge, type wherein the bridge 
networl is composed of resistances and induct- 
ances.. Thelinear frequency-relationship as 
spects shaft rotation is obtained by the use of 
two ganged lïnear potentiometers and since these  
components may be obtained commerCially with 
an accuracy in linear relation between resistance 
and shaft position exceeding 0.1 per cent, the 
linear, accuracy of the oscillator may be made 
comiarable thereto ..Indeed tests .indicate that 
more oftentha not what small errors arepres- 
ent. in the potentiometers ;compensate for each 
other so t, hat in actual operationthe oscillator 
of this .invention bas an accuracy which 
ceeds the rated accuracy of any single potentiom- 
eter.  
Since the invention utflizesinductances, these ' 
components necessarily bave a certain resistance 
and .distributed capacity which aiïects thë lin- 
earity of operation of the osclllator at the upper 
and lower ends of its range of. operation.  Tte40 
resistance of the inductances aflect linearitY at 
the lower end and the distributed capacity 
fects the linearity ai the upper end. -While the 
linearity of .operation in the central portion of 
the range is.good such range of operation is 
nëcessarilY restricted and it is a purpose of the 
present invention t0 extend this range, by the 
inrodtiction of certain corrective factors. 
To this end this invention contemplates the 
use of a netw0rl which ats to shift the phase 
of the system so that errors in the low frequency 
range are corrected and additionally the bridge 
circuit is provided with a corrective capacity act- 
ing to correct errors in true linearity at the high 
frequenc end of the range. By using such cor= 
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rective means an oscillator may be obtained 
which has a linearity of better than 0.1 per cent 
over a freuency range greater than 10 to 1. 
The exact nature of the invention will be more 
readily .understood from a consideration of the 
following detailed descriltion when .considered 
together with the attached drawings, in which: 
Figure 1 is a simplifled schematic diagram 
lustrating the voltage relationships and.some of 
the lrinciples of operation of the system. 
Figure 2 is a schematic diagram of a preferred 
circuit utilizing the lrinciples of the invention. 
Figures 3 and 6 are illustrations of vector rela- 
tionships of the voltages of the circuit. 
Figure 4 is a schematic diagram of a portion 
of the circuit of Fig. 2 redrawn to illustrate the. 
manner in which variable phase shift is obtained. 
igure 5 is a curve illustrating the departure 
from linearity prior to the introduction of the 
20 corrective factors of the invention. 
Belote discussing the detafled circuits, of the 
oscillator of the invention» the general lrinciples 
of the operation thereof and the conditions re- 
quired to maintain oscillation will be described 
2 in connection with the, simplifled circuit of Fig. 1. 
Referring to this figure the rectangle || 
erally represents an amplifier which is provided 
with a cathode follower output |. The use of 
a cathode follower is not absolutely essential but 
O aids in the lerformance in driving the bridge 
circuit when the impedance of the bridge is 
at low frequencies and also decreaes phase shift 
at the high freuencies wh!ch would otherwise be 
introduced by the stray capacitance load on the 
relatively high impedance plate circuit of the 
output stage of a resistance capacity coupled am- 
plifier. The output of this amplifier is connected 
through conductors |3 and | to the input ter- 
minals of a bridge nétworl |6 consiting ofim- 
pedances Z, Z, Z and Z each'0f which con- 
stitutes one arm of a four arm bridge. The out- 
 put terminals of the bridge| 6 re in turn con- 
nected to the input terminals of the amplifler ! | 
through the medium of conductors | and |3 s0 
45 that the bridge networl | 6 and ttïe amplifier | | 
constitute a closed loop. 
Consider for the moment that the conductors 
| and |8 are brolen at the points indicated by 
the dotted line |9. A voltage V is impressed on 
50 the input of the amplifier which is amplifled by 
the gain Ga thereof to a voltage. o, the output 
voltage of the amplifier.. The outlmt voltage 
is impressed n .the input 0f thi bridge ircui 
through the conductors 3 'and. | hee itis 
55 tenuted by the ctionof the bridge coeUit to a 



voltage ViL If new the circuit is completed 
through the conductors 17 and 18» that is» circuit 
is made at the points indicated by the dotted line 
9 equilibrium will be established in accordance 
with the principle of unity loop gain when the 
voltage Vl' equals the voltage W in both am- 
plitude ahd phase, tri 0ther words» the attenu, 
arien of the bridge Circuit must CuaÂ the gain 
of the amplifier and the phase shift caused by 
the bridge circuit must be equal and opposite te 
the phase shift of the amplifier. Te establish 
this equilibrium the frequency and amplitude of 
oscillations produced by the ircuit tutomatically 
adjust themselves until the absoiUte Value of the 
voltage W' equals that of Vi and their phases 
are equal. 
Turning new te the more detailed circuit of 
Fig. 2 the amplifier depicted in Fig. 1 as the rec- 
tangle ! is here disclosed as comprising resist- 
ance-capacitance coupled amplifier stages 2! and 
22, the latter of which is resistance-capacitance 
coupled te a cathode follower output stage 23. 
The bridge circuit 16 is composed of inductances 
24 and 26, potentiometers 27 and 26, resistors 3! 
and 32 and à resiStance whose resistance increases 
With increase in current such as an incandescent 
lamp 29. The inductance 24 in series with the 
potentiometer 27 constitues the impedance Z1 
(Fig.l) whfle theinductance 26 in parallel with 
the potentiometei 28 constitutes the impedance 
Z (Fig. 1). Similarly the resistors 3! and 32 
constitute the impedance arm Za and the incan- 
descent lamp 29 the impedance arm Z. This lat- 
ter element iS shtmted by a condenser 33 for pur- 
poses as will be more ïuilY.described hereinafter. 
For the preséht the arm Z will be considered as 
composed only of the incandescent lamp 29. 
C0nsider first the manner in which amplitude 
equilibrium is attained and maintained which is 
the function of the branch Z and Z (Fig. 1) i. e., 
the resistors 3, 32 and incandescent lCp 29 of 
Fig. 2. 
The attenuation in the brldge circuit that is the 
aniount by which the bridge circuit decreases the 
signal amplitude impreSsed thereon is the ratio 
of the output Voltage te the input voltage of the 
amplifier, namely 
and by reference te Fig. 1 if will be apparent that 
VVV (I) 
se that the attenuation may be expressed 5y the 
formula 
Vo 
the voltage Vz being the drop àcross the incan- 
descent lamp 29. 
If the loop gain is greater than unity, that is, 
the attenuation of the bridge circuit is n0t equal 
te the gain of the amplifier th amplitude Of os- 
cillati0ns increäses and the voltage across the 
laml5 29 inCreasés. This incrase in voltage 
across the iamp heats the filament thereof, there 
by increasing its resistance. As the resistance in- 
creases the fraction 
Vo 
decreases and the atténuation of the bridge cirJ 
cuit giron by Equation 2 increases thus bringing 
the loop gain báck te unity. Contrariwise, if thé 
10op gain tiàS a tendencY te dècrease below unity 
a reverse action takes place and thUs there is an 

2,602, 

automatic readjustment of the absolute gain te 
unity, regardless of a tendency of one of the sec- 
tions te change in gain, as for example, a change 
in gain in the amplifier section due te aging of 
5 the tubes or fiuctuations in the power supply volt- 
age. The Z, Z branch of the bridge circuit, 
therefore acts as the means te control the am- 
plitude öf os6illttin. ..ï   ' 
In place of the use of a resistor whose resist- 
lO ance increases with increase in current as exem- 
plified by the lamp 8, the same gaine control 
function cän also be attained by the use of a re- 
sistor in the Z3 branch whose resistance decreases 
With increase in current as a thermistor or the 
1 like as will be readily appreciated by those skflled 
in the art, 
The Z1, Z branch has as its function the con- 
troi Of the frêqïieiler of oscillations. The volt- 
age Vx (see Fig. 1) is the voltage drop produced 
2O across the Z arm and the phase of this voltage 
changes with frequency. The locus of thls volt- 
age is illustrated as a circle in the vector diagram 
of Fig. 3. In this figufe-the resonant frequency 
of the bridge circuit (net necessarily the frequen- 
2 cy of oscillation) is defmed .as the frequency at 
which the voltage Vx has th saine phase as the 
output voltage Vo. When the frequency of the 
signal applied te the bridge circuit is above the 
resonant frequency thereof this voltage lags the 
30 output voltage Vo as represented by the vector 
Vx'" and when the frequency of the signal is 
low the resonant frequency of the bridge circuit 
the voltag leads the output voltage as repre- 
sented by the vector Vx'. 
3 Let if be-assumed-for the present, that the 
phase shiït of the amplifier section is zero se that 
the voltage input te the amplifier section V is 
giron by the vector subtraction, of the voltage 
.Vz frein Vx. The voltage Vyconstituting the po- 
40 tential drop across the Z arm of the bridge 
branch Z% Z is always in phase With the 0utput 
voltage Vo of the .amplifier since it is Composed 
of pure reslstances 29} 3 ' and $2 (see Fig. 2). 
Under the assumption that the amplifier has zero 
4S phase shift, the principlë of unityloop gain as api 
plied te the amplifier and bridge sections requires 
that the phase of the amplifier seCtioninput velt 
ages W relative te the phase Of the output voltagê 
Vo must also be zero,. Therefore, for quillbrtum 
0 conditions te prevail the frequencyof oscillations 
must be such that the v01tagé .Vx, nanïely the 
voltage drop across the Z arm of the Z, Z.branch 
of the bridge section, is alsoin phase With th 
voltage :Vo, i. e., the outp.ut voltage of the am- 
 plifier section which likewise constitutes the input 
voltage of the bridge section.. In this. particular 
case the frequency of oscillation ofthe entire 
circuit is the resonant frequency of the bridge 
circuit and the frequency Of. osciIaltion is deter 
60 minC by the fact that the braficli zi, z-, consist 
ing ofpOtentiometers 27 and 8 andinductances 
2.4 and 26 shift phase with .the frequency of 
oscillations impresSed thereon. Utider the as 
sumpti0ns made thus fal,, namelF, that thë 
6 quelicy ofsciltatio fe %-lie anïë tts thé rèsonant 
frquenc  of thè Z, -Z -bràïacl' 6f the bridge 
section this ffequéncy ma bë eïtPreSsed for any 
values of ftid ïndudtànes 24-alidï6 atid reslstances 
of potentiometer. 27 ttnd.. bY fhe formula: " 
70 
where.l is the rèonant/ffequency of ïh Z, 
75 brnch; Rr S thêresistë o potentiomëter 



R2 the rsisance ofpotentiometer 28, L1 thè n- If R is sufficientlY-small ç0mpared o R. the 

ductance of the inductor 24 and L2 the induc- 
tance of inluctor 26/ The potentiometers 21 and 
28are operated by a single control indicated' by 
the shaft 36 and knob 31 (Fig. 2). If linear po- 
tentiometors .are used, that is, potontiometers 
wherein the resistance of. each is directly propor- 
tional to ifs shaft position, it is apparent ïrom a 
c0nsideati0n"of Eqïai6n 3 that thé frequenCy 
of oscillations of the circuit may be ruade di- 
ïectly and linearly proportional to shaft position 
which is the desideraum of this invention, the 
variable elements constiuting the numerator of 
the equation,  " 
In an oscillator of this nature it is most prac- 
tical to make the inductances equal and the two 
potentiometers equal athough this is hot essen- 
tial as long as the resîstance of each potenti- 
ometer is directly proportional to its shaft po- 
sition.. In such an instance, i. e., where there is 
equality of. resistance and inductance Equation 3 
may be smplifiedto the expression  
F°=2rL 
1 .being the resisance, of either one 0î the po- 
tentiometers and , being the inductance of eitt!er 
oneoï the inductors. . 
.-.SO far the .relationship of variation of fre- 
quency as respects shaft position of the potenti- 
ometers bas been considered 0nly in .the case 
where the inductors 2and. 26 were .theoretically 
perfect, .that is, having .no resistance and no disr. 
tributed capacity. Oî course, such is hot the case 
and even thoug these factors .are ruade.as small 
as possible theirpresence affects the linear rela- 
tionship between resonant ïrequency and shaft 
position as. expressed by:Equation 4.. Where, as 
here, accuracies of 0.1 percent or better are de- 
sired the non-linearity introduced by the presence 
of distributed capacity and-the resistance of the 
inductors limits the range of ïrequencies that 
may be obtained both at the high and low ends of 
the range. The presence of distributed capacity 
limits the range a the high .end whfle the. re- 
sistance of ae inductors acts to limit thê range 
at the lw end This departure frêm true linea_rity 
is graphicatly..illustrated in Fig..5, wher..ein the 
solid curve indicätes the relationship between 
resonant frequency and p0tentometér resistance 
in th absence 0f.any.corective.factors" Tiè.de. - 
parture from linearity due to .fhe V¢ie resistarce 
of the inductors at the low fïeluency end is. indi- 
cated by_the, differenc.e .between the s01id, line 
cure and dotted .straight .line,. this difference 
being_!abe!ed AFR Similarly the departurWfr0m 
linearity at the high frequency end due. to. the 
distributed capacitY is indicated by the difference 
between the solid line curve and the stralght 
dotted line labeled AFc. :  
It is one of the purposes of the present inven- 
tion to provide such instrumentalities as to .cor- 
rect for these :indiated..departures from linearity 
and thereby extendthe range of ïrequencie over 
which the device may.operate with the reqtired 
degree of linearity..,  
Consider first the inaccuracy introduced by the 
wire resistance of- the inductances, tha is, th.e 
departure from iinearity here -denote.d as. 
By calculation of the-Z, Z branch, it may. be 
determined that. the/frëquency Of resoranceis 
hot .as exprCssed by Equation 4 above butby the 
equation:. : -. :'.. : ... " 
[R  -0 ] 

ïrequency is given t0 a close approximation, by 
R Ro  (5) 
where Fo, R, and L bave the alues as given in 
c0rmeCtïon with equation 4 and R0 is .the wire 
reisance oî each oî theinductors considering 
. ea:to beïdentical in all respects.. The terre 
R 
. 2rL 
is of course.the linear, terre desired whereas the 
terre 
is te nonlinear terre designated F îor which 
correction is desired. Since this terre varies as 
2O the reciprocal oî the resistance R of the potenti- 
ometers, it increases as the resistance and hence 
 the frequency decreases, which of course, is the 
relationship indicated by the graph oî Fig. 5. 
The corrective factor as far as the low ïre- 
25 quency end oî the range is concerned, is intro- 
duced by shiïting the phase oî the amplifier sec- 
tion in -such a manner as to introduce the re- 
quired correction. Et bas heretofore been. as- 
sumed that no phase shift existed in the ampli- 
30 fier section and when this is so the frequency of 
oscillation is equal to the resonant îrequency of 
the bridge section. When, however, the phase 
shift of the amplifier section is hot zero, the 
principle of unity loop gain requires that there 
35 shall-be a compensating phase shift in the Z, 
branch of the bridge network. ,  
"Consider, for example, that the output voltage 
of the amplifier section Vo leads the input volt- 
age of the.amplifier: section Vl by an angle due 
o to a phase shiftdntroduced in the amplifier sec 
tion. The voltage Vx (see Fig. 1) must be in 
phase with the voltage Vo because the Z, 
branch of the bridge section is composed of pure 
resistance. The voltage Vx obtained ïrom the 
45 droP across the Z. arms, however, changes in 
phase with frequency as fllustrated in Fig. 3. Two 
effects, therefore, occur simultaneously, the volt 
age Vx changes in amplitude by action of the bal- 
last lamp 29 (Fig. 2) until the amplitude of os- 
50 cfllations is stabflized and at the same rime the 
frequencY of oscillations produced and impressed 
on the bridge section .increases until the voltage 
Vx lagsb the phase angle « as indicated by the 
ector Vx" of Fig. 3. When equilibrium condi- 
55 tions re reached the phase Of the amplifier input 
voltage W which is the vector difference of the 
voltages Vx and V s. the negative of the phase 
angle of the amplifier section. 
This vector relationship is illustrated in 
60 graphic form in Fig. 6 wherein a is the phase 
shift of the amplifier section, V is in phase with 
the amplifier output voltage Vo and Vx lags such 
voltage by the angle a so that the voltage V bas a 
phase which is equal to --ça. 
65 Because the frequency .of oscillations of the 
circuit increased te a value reater than-the 
resonant frequency of the ibridge section, the fre- 
quency of oscillations ] are no longer equal to the 
resonant ïrequency of the bridge circuit Fo but 
7 are greater by an increment AFo, that 
Thè effe:c er this differenCe in frequency, i. e., 
.  hF my be ruade te !ncreaSe the linearity.of the 
$ Scfilt0r insoïar as-.the linearlty err0r 
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concerned since us, indicated by Equation 5, Che 
non-linear ferrais anegafive quanfify. 
In Che instant invention tle proper phase 
in Che amplifier secfion, whtch in turn increases 
Che frequency of escillation generated ,above Che 
resonan frequency of Che bridge section and 
hence cofrects for tlè  depàrture from linearity 
aç Che low frequency end of Che sca]e, is produced 
by,he loading of Che bridge circuiç on.Che caflzode 
follower eutpuV stage: The cathode follower 
stage 23 is connected te Che bridge section 
through a condenser 3g.and by proper selection 
for Che value of Chis condenser Che lo,ading of Che 
bridge circuit may be ruade such ,as Ce. produce a 
phase shift in Che amplifier section in Zhe 
frequency range such tht linearity of frequency 
with ,change in potentiometer resistance is 
attained and Che operating range of linearity 
materialIy inoreased for a. required degree of 
,accuracy. 
lor greater ease in understanding Ce manner 
in which ,this correction is: atained, Che pertio,n 
of Che circuitincluding -Che cathode foHower 25 
and Che bridge section bas. been redrawn in 
somewha simplified ferre i.n. Fig. 4, the saine 
reference characters being used: as hereofore 
applied te he complexe clrcti:t of. lVig. 
By a reference» te Fig. 4 
Che load on Che cathode follower 23 consists of. 
he bridge- section in ser/ies wit]ï the condenser 
38. By choosing Che correct vlue: for the cn- 
denser 38,, Che relative impedances mày be: marie 
such Chat Che condenser bas litflë, or 
,Che. phase shiït for frequencies bo:e a eerVain 
alue wherea a progressive correction is intro- 
ducect in Che low frequency range.. Considering 
this ]ow frequency range', for examp], as  Che 
esistances 2] and 28 arreduoed, in value by Che 
common potentiometz contz, the ffequency of. 
Che. output signal i als« reducec[ ir te- manner- 
hereofore described. This redutio.n in fre- 
quency o outpu signal however, i,ncfeCes Che 
imped,ance of, Che.condenser 
im,pedance of Che bridge section se. Cat Che-phase 
of Che signal- impressed across Che bridge section 
is sh£fted with respect ta he phase of Che signl- 
impressed an he input of Che cathode folloveer 
23. Mathematical-ly Che  amount of phase shiï 
may be expzessed b the-equatiorr 
1- 1 
where ç is che phase shifC, f Cle frequency, C. 
he cpaciCy af: cond'enser 38, R« Che resisfance 
of resistor 32', P.Che resistunce of he lamp 
and 1% Che resisCance of either one oftle' poen- 
fiomeers 2I or 25 if a suggested hereCofore, 
are identical in oonstrucfion. The devtion' 
frein reso.nan frequency 
phase shift is proporfionat te the.-resonant fre- 
quency Fo, Che- sine- of Che phase, angle ç nd:: 
inversely proportional: te tlàe gain  G of fle 
amplifier. Where" Che deviation in fre'qeay 
sm.aI1, compared fo Che resonn freqaency tls 
devition in frequency  may be e:pressed: iE ferm 
of Che "¢Iaes- et  Equation 7 
amplifier-seciën , as folt0ws: 
Since 1%, ,and 1, C and G are subs¢anCilly 
constant Che firsf term-lof' fhë righthand side of 
Equatien .8 is constant while Che seoond erm 
vari:es 'a.tlTe recipzo-cl;.Of 
Poentïomeeeram[ therefore c:orstiutes:he f, erm 

8 
which.-acts te, introduce Che linear corrective 
factor. 
As indicated:in Eq.uatior5 Che errJr 51.¢endëd 
te be introduced, by She restance RO f Che 
5 ducgors ïs equàl 
R 2 
4RL. 
If Chen ts erm is eqed o Che corrective terre 
10 3 
of Eqation. 8. h¢ ¢apacitae C .of Che con. 
de.er $ may be .determined for zero erro con- 
1.5 ditions, as 
.... . (9) 
The mhemfical. alue for he vue fo fhe 
0 cpgcianc, of he oendeer i based en seine 
appromaio: Equien 9,. hoever, indicaes 
he eneral relaohip bewee capciy and 
ain of he ampler fhaf may ob o produce 
 resul soh, nmely, increased lineariy be- 
 ween wriaion of p«eniomeer resisance and 
frequency of. stnat..oupu  çhe 1ow 
end of fhé rane. 
The errer or depare fm ley a he 
h fequeney d of he rane, a¢  indied 
30 herefore is aed: hy £he fribud, cpa¢iy 
o he induors 4and  8 and fhe niomers 
2T and. 8. The s caifies are indied 
by he .d«ed. ne coecfio, of condeers 
a .he series arm of:fhe bide seconç k. , he Z. 
am fhese capacifiea are in  series w.l in he 
parel  or Z a- fhe» ca-cii, are in. 
ael. e effv capaciy ro. fhe Z» m 
hore is lss n. e effe¢ive-capaeiçy acoss: 
0 çhe  arm. e relaionsp of fhe oar ms 
of he: brid.sfien may e exçssed as 
z z 
45 Te balaee oug he fferenc in, capcias 
he Zi and - Z , s, herefre,. a epei@ 
oenn: in sh f«  fhe Z¢ atm, k &., e lamp 
9 A1emaively if deed an inductance. 
be c«nnecfd . çarallel  wih hëZ, ar, f, 
0 he  rasisfòrs 3[ .a-d 32 i a il effet: 
redUet he dpae frein lineaAy a.fhe h 
f«uen¢y end- of he 
e resisor [: .i made jusabl sg 
destred mliude ofp:my be ebfained 
5 any i.ven. lam 9 wh y' be used since vari, 
o lamps of he. saine: var.y coidetably 
fheir eharacçeisïcs,- 
e presen invention. e. prodes an eil 
lor whose frequenCy' may  vAed over'a 
60 siderable rane, Say, 10 fo 1 wifE n- 
wiCh depafs frem Hneariçy  by no mee. han 
0:1- per enf, he accaracy of: a, ood. Hnear po-- 
cause he .fenfiemefes: ar id eae 
65 oàl. erro my ha less: fhan. e erer ef: eier 
poenfiomeer because boh eief 
weuld: hae fo be i errer" af te se saf posi- 
tion for' e errer : equal fhe erro of. 
poenimefet. Sïnce hs eenoEie: is ukel, 
70 erers.lCs4han. he errer ofeiher pefeftem'eer 
re preba5Ie. Ceay fhe arre' ¢a. nwer b 
reaer :  emr exisfing in- one. n. 
omeer and mos frequenfly wi11 be less ha.fhe  
errer of eiher, for example, fess have esab- 
 lished errors of  10 as-. r cen alfhouh 
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the accuracy of the poteflti0meters used was only 
Of the order of 0.1 Pe]; cent .... . .- 
What is claimedis: " . i 
1. An oscillato cbmprisifi a brïdge network, 
a lïrst arm therefor comprising an .inductance 
and a linearly adjustable.resistor connected in 
series, asecond arm c0mprising an inductance 
and linearlY adjusable resistor connecte d in par- 
ailel, said first and Second arms being connected 
together fo f0rm one branch of Said bridge net- 
work, a third arm Comprising a resiStance .and 
a fourth arm including a member vhose xesist- 
ance varies with Variation in current fiow there- 
through, said third and f0Brth arm being con- 
nected together fo f0m.a second branch of. said 
bridge network, said branchesl being connected 
together, an amplifier section including.-a first 
thermionic tubehaving atlea s an anode, cath- 
ode and control electrode, a..çpnnection between 
said control èlectrode and the uncture of said 
first and second axms, a connection between said 
cathode and the juncture of said third and fourth 
arms, anoutput circuit for said amplifier section 
and connections between said output circuit and 
the junctures of said first and second mentioned 
bridge branches. 
2. An oscillator comprising an amplifier sec- 
tion and a four arm bridge section, one arm o£ 
said bridge section 2ncluding an inductance and 
a potentiometer connected-in series, said poten- 
tiometer having' its m0vble 'cont.act connected 
to one end thereof the resistance of said po- 
tentiometer bearing a .substantially linear rela- 
tion to the position ofifs movable contact, an- 
other arm of Saïd bridge Section including an 
inductance and a potentiometer connec ted in 
parallel, said potentiometer having its movable 
contact connected to'onë end thereof the resist- 
ance of said second mentîoned potentiometer 
bearing  substantially linear relation fo the 
position of its movable cofitact,, said arms being 
connected fo form one branch of Said bridge Sec- 
tion and said potentiometers háving their mov- 
able contacts connected for. conjoint actuation, 
a second brancl for said bridge section compris- 
Ing  resistance arm and. an:arm whose resist- 
ance varies with variatioU 0ï current fiow there- 
through, said amplifier section including an out- 
put stage comprising a thérmioiic tube having 
af least an anode, cathode and control grid, an 
unbypassed resistor Connectedbetween said 
cathode and one end of 'said bridge section 
branches, a conden ser connected betwCn said 
cathode and the other end êf said bridge section 
branches and connections between the remaining 
terminals of said bridge section and the input 
of said amplifier section fo forma closed loop be- 
tween said sections. 
. An oscifiator comprising an amplifier sec- 
tion and a four-arm bridge section, the first arm 
of said bridge section including an inductance 
and a potentiometer connected in series, said 
potentiometer having ifs movable contact con- 
nected fo one end thereof the resistance of said 
potentiometer bearing a substantially linear rela- 
tion fo the position of ifs movable contact, the 
second bridge arm including an inductance and 
a potentiometer connected in parallel, said po- 
tentiometer having its movable contact con- 
nected to one end thereof the resistance of said 
last mentioned potentiometer bearing a substan- 
tially linear relation fo the position of ifs movable 
contact, said first and second arms being con- 
nected together fo form one branch of said bridge 
sectior ad sid potentiometers having their 

movable contacts connected for .conjoint actua- 
tion, ttïe third arm for said bridgé section Com- 
prising a rèsistance and the _fodth rm con- 
nected thereto to ïorm the sec0n branch of Said 
 bridge section comprising an element whose re- 
sistance varies :with variation in current flow 
therethrough and a condenser connected.in Pa r- 
allel thereto, a circuit connecting the output: of 
said amplifier section and the common junctures 
10 of the branches of said bridge section anda ciri 
cuit connecting, the rémaining terminls/of said 
bridge section and the input oï said amplifier 
section fo form a closed loop between sa d sec- 
tions. 
15 4. Anocillator in accordance with claire S in 
which the circuit connecting the ouput of said 
amplifier section and he common unctures Of 
the branches of said bridge section, includes 
means for shifting the phase .of the signal 
20 pressed on said bridge.secti0n fo compensate for 
errors in linearity introdUced by thè inherent re- 
sistance Of said inductances. 
5. An oscillator comprising an amplifier sec- 
tion and a four arm bridge section, the flrst arm 
25 of said bridge section including an inductance 
and a potentometer connected in series, aid 
potentiometer having.its movable contact con- 
nected to one end thereof and the resistanCe of 
said potentiométer bearing a subsantially linear 
so relation fo the position .of ifs mvabe: con%act, 
the second bridge arm includi,ïg".an inductance 
and a potentiometer"connected in par!le!, said 
potentiometer having ifs movable contact con- 
nected fo one end thereoî and.ifs resistançe bear.- 
s5 ing a substantial linear relation %o  :the position 
of ifs movable contact .said flrst and sëond arms 
being Connected together fo form one branch of 
said bridge sectionand saïd potentiometer s hV- 
ing their movable contacts connected, for con- 
40 joint actuation, the third arm for saidlb-ridge 
section comprising a: resisanCe and the f0urth 
arm connected thereto fo form tl/e second banch 
of said bridge section comprsing. n elemnt 
whose resistance v£rles wïth 'variation ..in cur- 
rent fiow therethrough and a condenser con- 
45 nected in parallel thereto, a thermionict-ubé0t- 
put stage for said amplifier section hàving:,t 
least an anode, cathode and control .eleçtrode, 
an unbypassed resisance c0nnected "between 
said cathode and one common juncture of said 
50 bridge section ,branches and a condense .cn- 
nected between said cathode and the o%her Coin  
mon juncture of said bridge section branches.. 
6. An osciliitor in accordance with claim 5 in 
55 which said condenser connected between tl/e 
cathode and bridge section bas a value approxi- 
mately satisfled by the expression: 
= 
60 
where L is the inductance of the inductance in 
one of said bridge arms 1%0 is the inherent re- 
sistance of said inductance and G is the gain of 
said amplifier section. 
65 7. An oscillator comprising a bridge network 
section and an amplifient section, said bridge net- 
work section comprising a flrst arm including an 
inductance and a linearly adustable resistor 
connected in series, a second arm including an 
70 inductance and linearlF adjustable resistance 
connected in parallel, a third arm including 
resistance and a fourth arm including a member 
whose resistance varies with variation in current 
flow therethrough, said first and second arms 
75 being connected together fo form one branch of 



sid bridge nework and sid third :and fonrth 
arms beng connced ogether o form .the oher 
b.rnch of said bridge :network, .said branches 
being coecd geher, .sid mper seion 
including n mpfier hvg t let an node, 
cathode and contr, ol .elec£rode, said control .eec- 
trode being cennected fo the juncture of .said 
first d second arms and said cathode being 
.coected t the cture of said trà .and 
foth arms, an output circt for said amplifier 
section, a ,feedback cir-ct interconnecting said 
output circnit and the-junetures ,of said bidge 
network branches, and mea coected in .sid 
feback circuit fr shifting the phase ,of the 
sial ipressed on said bridge section ,by said 
amPer section fo comate for .erors  
laearity in:troduced by the inheenf resistance 
of sald ductances af the low f-equency .end ,of 
the range of said oscillator. 
8.  oscillator comring a bridge netork 
section and an ampfier .secion, :said bridge net- 
work $ecfion ,comprising a flrst a- inclung an 
induc£ance and a linearl adjusfable resistor 
coeted in series, .a second .arm including an 
inductance and linearly .adjustable restance 
coected in arallel, a thir, d .a in¢lung . 
resistance and.-a fourth arm inclung a rasta- 
ber whose resistance varies wifh variation in cur- 
Eent fiow -theefhrough, _said first and sscond 
as being .oennete.d £ogether to form one 
branch of said brins netork and said td 
.and fourth ar hein. connected togefher to 
f0 fhe .other branch of saM bridge netork, 
said branches ;ing connected together, said 
amplifier section inclung .an amplifier having 
at ,let an anode, cathode and control slectrode. 
said contr.ol ele¢frode being cnneced to the 
jcture 0f-.ald st and second arms and said 
cathode :bei conc fo the junctur.e of sald 
trd and feh arms, an output .cirent for sad 40 
amplifier sti0n, a feedback circuit intercon- 
-neing said outpnt circuit and the jctures 
Of said badge .netork branches, and reaoEive 
mea coected acress one of the ar of said - 
other branch £o compeate for srros in lin- 45 
earity af th¢-.high frequey end .of the rae 
of said oscillator introduced by the inherent 
pit of said .inductance .and adjustable r.e- 
sistors. 
9. An oscillator comprlsing .a bridge network 50 
section and an ampfier section, said bridge net- 
work section comprising a st arm iluoEng.an 
inductance and a linearly -adjtable resisfor 
connected in sexes, a second arm including an 
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inductance and liner]y ..adjus.abl r.esisance 
connected in parallel; a hird..arm. including a 
resistance and :a ïoth armAluding .a member 
whoae eist¢e as ith variation in current 
5 fio t.h¢e£.ogh, »aid first and second ams 
belng .conneced og¢.thCr to form one branch of 
said bridge _netwoçk and said third and ïoth 
.at eing ¢e.cted togeth to fo the other 
branch .oï said brtd network, said branches 
10 being connected togeher, said amplifier section 
including an amplifier having af least an anode, 
cathode and contr .eletrode, said control elec- 
trode being connected 0 -the. j-uncture oï said 
.rst and second "rms-and said cathode being 
15 conected o -he uncture  said hird and 
.fouh arms, an output circuit ïor sid amplifier 
section, a -feedbk ircuit 1nterconnecting said 
output-ci-rcuit and -the junctures oï said bridge 
network branch,-meanseonneoEed in said £d- 
20 back circuit for shi.fting the phe oï the sial 
impressed on sat bdge .ction :by sd 
plier section o .com.nsate for errors in lin- 
earity intoduoed by he 'inheren resistance 
said -Inductances, and reacve m. connected 
25 across one .of he as of said other branch fo 
compensate ïor errors in linearity introduce by 
the inherent capacy of said inductance and ad- 
justable resistors. 
WAY K. HODDE. 
30 GEORGE R. :GRTSER. ' 
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